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[57) ABSTRACT

A semiconductor memory device has an array of exam-
ined memory cells, and reference memory cells in a
column. The examined memory cells in each column
and the reference memory cells are connected with
respective pairs of complementary bit lines connected
with sense amplifiers. Each reference memory cell and
the examined memory cells in each row are connected
with corresponding word lines. The device also has a
line data memory circuit, a bit line select circuit and a
plurality of output evaluation circuits connected with
the bit line pairs for the examined memory cells. In a
test mode, identical data is simultaneously written to the
reference and examined memory cells connected with
each word line. The line data memory circuit outputs
data from the reference memory cell as expected data,
in response to which, the bit line select circuit selects
one of the bit lines for each of the examined memory
cells when the expected data is LOW, and the other of
the bit lines when the expected data is HIGH. Each
output evaluation circuit simultaneously detects an out-
put from a corresponding examined memory cell via the

- one bit line or the other bit line selected in accordance

with the expected data, and outputs a signal indicating
coincidence or non-coincidence between the output
signal detected and the expected value. Thus the device

tests its own operation through a parallel access to the
memory cells.

11 Claims, 18 Drawing Sheets
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SEMICONDUCTOR MEMORY DEVICE HAVING
A MEMORY TEST CIRCUIT

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor
memory device which can execute an operating test at
a high speed.

This application 1s related to the commonly assigned
copening application of Ohta entitled “Semiconductor
Memory Device”, filed Nov. 14, 1990 and assigned Ser.
No. 07/612,503 pending.

Recent advances in semiconductor memory devices
have been rapid, with the degree of integration of ran-
dom access memories (RAMs), read-only memories
(ROMs), and other memory devices quadrupling every
three years. As the degree of integration has increased,
the time required to execute an operating test has also
increased, thus increasing the need for a high speed test
mode enabling more efficient pre-shipment testing by
the manufacturer and receival testing by the user.

Reflecting these requirements, a test method called a
multi-bit test method has been used. This method reads
test data from two memory cells at a time and compares
data read from one memory cell with that read from the
other memory cell. When the data read from both mems-
ory cells are coincident, data reading i1s regarded as
normally executed. This method realizes a speedy test,
as compared with a method by which data is read from
each one of the memory cells and checked. Still, it
cannot be said that the multi-bit test method satisfies the
above requirements. In addition, if the data reading
from two memory cells are both in error, those data

become coincident and therefore misjudged as normally
read.

SUMMARY OF THE INVENTION

Therefore, a main object of the present invention is to
provide a semiconductor memory device which can
~ execute an operating test at a higher speed by testing
one line equivalent (in practice, 1024 bits or 2048 bits) in
parallel.

Another object of the present invention 1s to provide
a semiconductor memory device which 1s not affected
by defective bit lines, if any, in performing an operating
test.

A further object of the present invention is to provide
a semiconductor memory device which can cut off
defective bit lines, when found.

A semiconductor memory device according to the

present invention has a plurality of examined memory

cells for storing data to be tested in a test mode of the
device, said plurality of examined memory cells being
arranged in rows and columns; a plurality of reference
memory cells in a column for storing expected data in
the test mode; a plurality of word lines which are con-
nected with the examined memory cells in respective
rows and respective ones of said plurality of reference
memory cells; a plurality of pairs of bit lines operating
complementarily, connected with the examined mem-
ory cells in respective columns; a pair of bit lines operat-
ing complementarily, connected with said plurality of
reference memory cells in a single column; a plurality of
sense amplifiers connected with respective pairs of bit
lines connected with the examined memory cells and
the reference memory cells for amphifying data on the
bit lines before the data are outputted; a line data mem-
ory circuit for outputting the expected data written to a
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2

reference memory cell via the pair of bit lines connected
to the reference memory cell; a bit line select circuit for
selecting, in response to the expected data, one of the bit
lines for each of the examined memory cells when the
expected data is of a low level, and selecting the other
of the bit lines when the expected data is of a high level;
a plurality of output evaluation circuits connected with
respective ones of the pairs of bit lines for the examined
memory cells, each output evaluation circuit detecting
via the one bit line selected by the bit line select circuit
when the expected data is of a low level, an output
signal from the corresponding examined memory cell
which expresses data having been written to the exam-
ined memory cell in parallel to the reference memory
cell and which ought to have a value identical with the
expected data; and detecting the output signal via the
other bit line selected by the bit line select circuit when
the expected data is of a high level; and outputting a
signal indicative of coincidence or non-coincidence
between the output signal detected and the expected
data.

The device with the above structure operates as fol-
lows.

In a paraliel test mode, identical data having a logical
value of 1 or O is written to the reference memory cell
and the examined memory cells.

When the data written to the reference memory cell
has a logical value of 1, the expected data outputted by
the line data memory circuit has a HIGH level. At this
time, each of the output evaluation circuits for the ex-
amined memory cells detects the output signal express-
ing data which has been written to the corresponding
examined memory cells and which should be 1dentical
to the expected data, via one bit line selected by the bit
line selection circuit. The one bit line for each of the
examined memory cells has a level etther HIGH or
L.OW expressing the output signal. Each output evalua-
tion circuit outputs a signal expressing the coincidence
or non-coincidence of the output signal and the ex-
pected data according to whether the detected level of
the output signal 1s HIGH or LOW.

On the other hand, if the data written to the reference
memory cell has a logical value of O, the expected data
outputted by the line data memory circuit has a LOW
level. At this time, each of the output evaluation circuits
for the examined memory cells detects the output signal
from the corresponding examined memory cell via the
other bit line selected by the bit line selection circuit.

For example, in the case that the one bit line of each
of the examined memory cells 1s designed to have a
LOW level when the written data is a logical 1 and the
data is normally read from the memory cells, if a de-
tected level of the one bit line of a memory cell is actu-
ally LOW (at this time the other bit line i1s HIGH), the
corresponding output evaluation circuit outputs a signal
indicating coincidence, but outputs a signal indicating
non-coincidence when the detected level i1s actually
HIGH. On the other hand, when the written data is a
logical 0, the data on the other bit line is read. If reading
of the data is normally executed, the other bit line will
have a LOW level. Thus, the output evaluation circuit
outputs a signal indicating coincidence when the de-
tected level is LOW, namely when reading is executed
normally, but outputs a signal indicating non-coinci-

dence when the detected level is HIGH, that is, there 1s
a read error.
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Thus, whether the identical data written simulta-
neously to the examined memory cells and the reference
memory cell has a logical value of 0 or 1, the output
evaluation circuits output a signal indicating coinci-
dence when reading from the examined memory cells is
executed normally, and output a signal indicating non-
coincidence when there is a read error from the exam-
ined memory cells.

In the above operation, a simultaneous selection of

the memory cells for one-line data is made in general 10

through an operation of one word line. In addition, the
output evaluation circuits connected with the examined
memory cells are operated simultaneously but indepen-
dently of each other. As a resuit, the examined memory
cells for one-line data can be simultaneously tested. An
operating test can therefore be executed at high speed.

According to another embodiment of the present
invention, each output evaluation circuit has a fuse for
separating the pair of bit lines connected with the out-
put evaluation circuit from an output terminal of the
output evaluation circuit when the output evaluation
circuit outputs a signal expressing the non-coincidence.

In this case, if there is a read error in an examined
memory cell, bit lines connected with the examined
memory cell are separated from an output terminal of
the corresponding output evaluation circuit by cutting
the fuse. Thereby, the memory cell is stopped from
outputting its data. Therefore, even if defective bit lines
or examined memory cells exist, the operating test can
be carried out without being affected by such defective
bit lines or examined memory cells.

According to another embodiment of the present
invention, a fuse is provided between each sense ampli-
fier and a drive signal hne for transferring a drive signal
for the sense amplifiers.

In this case, if there is an error in reading data from an
examined memory cell, the fuse between the drive sig-
nal line and a corresponding sense amplifier having
amplified a signal from the examined memory cell is cut.
Then, the sense amplifier becomes inoperative and a
pair of bit lines (defective bit lines) connected to the
sense amplifier will not operate any more. Accordingly,
even if there are defective bit lines or memory cells in
the semiconductor memory device, data readout and
evaluation operations are not affected by the defective
bit lines or memory cells.

According to a further embodiment of the present
invention, the output evaluation circuits each have a

transistor controlled to be turned on or off by a corre- sg

sponding one of a plurality of control circuits, instead of
a fuse, so as for the corresponding pair of bit lines to be
electrically connected with or separated from the out-
put terminal of the output evaluation circuit. The con-
trol circuits are operatively connected with the output
evaluation circuits respectively such that the control
circuits turn on the transistors when the output evalua-
tion circuits output the signal indicative of coincidence
and turn off the transistors when the output evaluation
circuits output the signal indicative of non-coincidence.
The transistor of each output evaluation circuit is con-
trolled individually and independently of the transistors
of the other output evaluation circuits.

In this case, if there are any defective bit lines con-
nected to defective examined memory cells, the defec-
tive bit lines and the output terminals of the correspond-
ing output evaluation circuits are electrically separated
from each other by turning off the transistors. Accord-
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ingly, data readout and evaluation operations are not
affected by the defective bit lines in this case as well.

According to a still further embodiment of the pres-
ent invention, the sense amplifiers each have a transistor
controlled to be turned on or off by a corresponding
one of a plurality of control circuits so as for the sense
amplifiers to be electrically connected with or separated
from a drive signal line carrying a signal for driving the
sense amplifiers, said control circuits are operatively
connected with the output evaluation circuits respec-
tively such that the control circuits turn on the transis-
tors when the output evaluation circuits output the
signal indicative of coincidence and turn off the transis-
tors when the output evaluation circuits output the
signal indicative of non-coincidence, the transistor of
each sense amplifier being controlled individually and
independently of the transistors of the other sense am-
plifiers.

With this structure, if there is an error in reading data
from an examined memory cell, a transistor between the
drive signal line and a sense amplifier having amplified
a signal indicative of the data in the examined memory
cell in question 1s turned off. This makes the sense am-
plifier inoperative and the bit lines connected to the

5 sense amplifiers will not further operate. For this rea-
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son, even if the semiconductor memory device has de-
fective examined memory cells or bit lines, the read
readout and evaluation operations will not affected by
such defective memory cells or bit lines.

According to a still further embodiment of the pres-
ent invention, the semiconductor memory device out-
puts a pass signal only when all the output evaluation
circuits output the signal indicative of coincidence, and
outputs a fail signal when all the output evaluation cir-
cuits do not output the signal indicative of coincidence.
Furthermore, the memory device has a row address
counter for receiving a count input signal 1in response to
a line test signal for instructing to start a test of the
device to count a row address to be tested and output
the counted row address deciding a word line to a row
decoder; an input terminal for inputting a plurality of
test patterns from an external source; a latch circuit for
latching the test patterns inputted from the input termi-
nal 1n response to the line test signal; and a pattern
control circuit for selecting in response to a signal out-
putted by the row address counter one of the test pat-
terns latched by the latch circuit and outputting the
selected test pattern to the line data storage circuit as
input data to be written to the reference memory cells
and the examined memory cells.

According to this embodiment, the row address
counter receives the count input signal, counts the row
address, and outputs the counted row address. The
latch circuit latches the plurality of test patterns input-
ted from the input terminal. The pattern control circuit
selects one of the test patterns latched by the latch
circuit based on the signal outputted by the row address
counter, and inputs the selected test pattern to the line
data storage circuit as the input data to be written to the
memory cells.

Thus, by inputting a signal which automatically in-
crements the row address counter as the count input
signal, a word line to be tested can be automatically
selected. Furthermore, because the input data to the line
storage circuit is selected from the multiple line patterns
latched by the latch circuit in response to the signal
outputted by the row address counter, it is not neces-
sary to provide such input data from an external source
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at each test operation. The test can therefore be com-
pleted simply, and the test time is reduced.

A memory test circuit for a semiconductor memory
device according to an embodiment of the present in-
vention has a means for generating an expected value of
either high or low level, an output signal line for tempo-
ranily holding the expected value; a fail signal line for
constantly holding a level in reverse phase to the output
signal line; a first data line carrying a first data signal of
a level which should be identical to that of the expected
value; a second data line carrying a second data signal
which is a complementary signal of the first data signal;
a data signal select circuit for, in response to the ex-
pected value from the generating means, generating a
data select signal designating either the first data signal
or the second data signal based on the expected value; a
first switch for selecting and outputting one of the com-
plementary first and second data signals in response to
the data select signal generated by the data signal select
circuit; a second switch provided between the output
signal line and the fail signal line so that in response to
an output signal from the first switch the second switch
electrically connects the output signal line with or sepa-
rates the output signal line from the fail signal line in
accordance with a level of the output signal.

In this embodiment, whenever the level of the first

data signal 1s coincident with the level of the expected
value, the output signal from the first switch allows the

second switch to separate the output signal line from the
fail signal line so that the output signal line outputs the
expected value temporarily held by the output signal
Iine. On the other hand, whenever the level of the first
data signal is not coincident with the level of the ex-
pected value, the output signal from the first switch
causes the second switch to connect the output signal
line with the fail signal line so that the output signal line
outputs the level held by the fail signal line. Thus, a
single bit is tested with a pair of data input signals. The
operation of a semiconductor memory device can thus
be tested without comparing input data signals from
multiple bits, and each datum can be individually tested.
By providing a plurality of sets of first and second
switches, data signals from multiple bits can be each
individually evaluated. Therefore, even when there is
reading error in every bit, the error can be found.
Specifically, by providing the above first switches
and second switches in 2 number equal to the number of
data input terminals, and by precharging the output
signal line with a pass signal and applying the data select

signal to a data select signal terminal at the test, the pass

signal will be outputted when all data are correct and a
fail signal will be outputted when even only one datum
1s in error, and multiple data can thus be evaluated
simultaneously.

In other words, when multiple first switches and
second switches are provided and data from multiple
data lines are simultaneously evaluated, the test time for
a semiconductor memory device having multiple mem-
ory cells can be reduced, and an error can be detected
even if all data evaluated at one time are in error.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully under-
stood from the detailed description given hereinbelow
and the accompanying drawings which are given by
way of illustration only, and thus are not limitative of
the present invention, and wherein:
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6
FIG. 1is a circuit diagram of a DRAM according to

a first embodiment of the present invention;

FIG. 2 is a block diagram of a test circiiit in a semi-
conductor memory device according to a second em-
bodiment of the present invention;

FIG. 3 is a circuit diagram of the test circuit of FIG.
2

FIG. 4 is a timing chart of control signals to operate
the test circuit;

FIG. 5 1s a modification of a first switch in the test
circuit;

FIG. 6 is a block diagram of an essential part of a
semiconductor memory device according to a third
embodiment of the present invention;

FIG. 7 is a circuit diagram of the essential part of the
semiconductor memory device of FIG. 6;

FIG. 8 is a timing chart showing timing of a line test
according to the third embodiment;

FIG. 9 1s a circuit diagram of part of a row address
counter in the third embodiment, showing a circuit for
a single row address;

FIG. 10 is timing chart for signals to control the
circuit of FIG. 9;

FIG. 11 is a circuit diagram of a line test circuit used
in the semiconductor memory device of the third em-
bodiment;

FIG. 12 is a circuit diagram of a semiconductor mem-
ory device according to a fourth embodiment of the
present invention;

FI1G. 13 i1s a modification of the semiconductor mem-
ory device of FIG. 12;

FIG. 14 1s also a modification of the semiconductor
memory device of FIG. 12;

F1G. 15 1s a circuit diagram of a DRAM according to
a fifth embodiment of a semiconductor memory device
of the present invention; -

FIG. 16 1s a circuit diagram of a DRAM according to
a sixth embodiment of the present invention;

FIG. 17 is a circuit diagram of a control circuit incor-
porated in the DRAM of FIG. 16;

FIG. 18 is a modification of the control circuit of
FI1G. 17;

FIG. 19 1s a circuit diagram of DRAM according to
a seventh embodiment of the present invention;

FIG. 20 is a circuit diagram of a control circuit incor-
porated in the DRAM of FIG. 19;

FIG. 21 i1s a modification of a control circuit in the
DRAM of FIG. 19;

FIG. 22 is a timing chart for write and readout opera-
tions of the DRAMs of the above first, fourth, fifth,
sixth and seventh embodiments;

FIGS. 23 to 2§ are diagrams each showing a state in

which a memory cell is connected with a bit line or bit
lines.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First Embodiment

FIG. 1 shows a dynamic random access memory
(DRAM) according to a first embodiment of the present
invention. The DRAM has a line data storage circuit 1,
a bit line select circuit 2 and a plurality of output evalua-
tion circuits 3. A reference numeral 4 indicates a mem-
ory cell array including a plurality of memory cells 41,
42, 42, ... A reference numera!l 5 indicates a sense am-
plifier array including a plurality of sense amplifiers 31,
52, 52, ... The memory cells 41, 42, 42, . . . in each row
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are connected to word lines WL and are selected simul-
taneously by the respective word lines WL (only part of
the memory cells and the word lines are shown in FIG.
1 for the sake of simplicity). The memory cell 41 on
each word line is a reference memory cell specialized
for a line test, namely, data in the reference memory cell
41 is used as reference data for comparison with data
read from the examined memory cells 42. Data write to
and data read from the reference memory cells 41 are
carried out through a pair of complementanly operat-
ing bit lines B and B# while data write to and read from
the other memory cells 42 are carried out by the other
pairs of complementarily operating bit lines BL and
BL #. The sense amplifiers 51 and 52 amplify the poten-
tial difference between the bit lines B and B# and that
between the bit lines BL and BL#.

The line data storage circuit 1 has a n-channel metal
oxide semiconductor (NMOS) transistor 11 controlled
by a signal ¢11, inverters 12 and 13 connected in paral-
lel but in opposite directions, NMOS transistors 14 and
15 which are simultaneously controlled by a signal ¢12.
The line data storage circuit 1 writes data, which 1s an
input signal DIN, to the memory cell 41, for example,
through the bit lines B and B#. On the other hand, data
DIN#, which is obtained by inverting the input signal
DIN, is outputted from the line data storage circuit 1 to
the bit line select circuit 2. Data written to the memory
cell 41 is read out as an expected value signal E. After
inverted, the signal E is outputted to the bit line select
circuit 2 as signal E#.

The bit line selected circuit 2 has AND gates 21 and
22 to receive a signal ¢21, and an inverter 23 connected
between respective input terminals of the AND gates 21

10

13

20

25

30

and 22. In response to the inverted signal DIN# or the

inverted expected value signal E# from the line data
storage circuit 1, the bit line select circuit 2 outputs a
pair of select signals S and S# for selecting the bit line
BL or BL# for each memory cell 42 in accordance with
the level of the signal DIN# or E#.

Each output evaluation circuit 3 has an NMOS tran-
sistor 35 connected between an output line DOUT and
‘the ground, and NMOS transistors 33 and 34 respec-
tively connected to the bit lines B and BL#. A gate
electrode of the NMOS transistor 35 is connected with
the complementary bit lines BL and BL# through the
NMOS transistors 33, 34, respectively. The NMOS
transistors 33 and 34 are respectively controlied by the
select signals S and S# outputted from the bit line select
circuit 2. Each output evaluation circuit 3 also has an
NMOS transistor 31 which is connected between the
gate electrode of the NMOS transistor 35 and the
ground and which is controlled by a signal ¢31. A
common p-channel metal oxide semiconductor (PMOS)
transistor 32 is connected between a power source and
the output line DOUT and is controlled to be turned on
or off by a signal $32.

The DRAM with the above structure acts as de-
scribed below, based on the timing as shown in FIG. 22.
In FIG. 22, a dotted line indicates timing for a write
operation and a solid line indicates timing for a read
operation.

The following describes the write operation.

In a precharge state (the left end of the timing chart
in FIG. 22), the signal ¢21 is at a LOW level, output
signals from the AND gates 21 and 22 in the bit line
select circuit 2 are both at a LOW level, and accord-
ingly, no continuity exists in the NMOS transistors 33
and 34, that is, the NMOS transistors 33 and 34 are in an

35

45
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off-state. At this time, the signal ¢31 is at a HIGH level
and the signal $32 is at a LOW level.

When the write operation starts, the level of the input
signal DIN becomes HIGH or LOW in accordance
with an input data. Then the signal ¢11 rises, so that the
NMOS transistor 11 in the line data storage circuit 1 is
turned on. As a result, the input signal DIN is latched

'by the inverters 12 and 13. After that, the signal ¢21

rises. At this time, if the input signal DIN is at a HIGH
level, that is, the inverted signal DIN# is at a LOW
level, the voltage level of the select signal S becomes
LOW and that of the other select signal S# becomes
HIGH. As a result, the NMOS transistor 34 is turned
on, so that the bit line BL# is dropped to the ground
(GND) level. On the other hand, because the NMOS
transistor 33 is in an off-state, the bit line BL remains at
the initial level of the precharge state (3 Vcc is usually
used).

When the signal ¢21 rises, if the input signal DIN 1s
at a LOW level, that is, the inverted signal DIN# 1s at
a HIGH level, the voltage levels of the select signals S
and S# become HIGH and LOW, respectively. Ac-
cordingly, the NMOS transistor 33 is turned on and the
bit line BL is dropped to the GND level. On the other
hand, because the NMOS transistor 34 is in an off-state,
the bit line BL# keeps the initial level of the precharge
state.

Needless to say, the above write operation is done for
each of the examined memory cells 42 though the de-
scription was made in connection with a single exam-
ined memory cell 42.

In paralle]l with the above operation in connection
with the examined memory cells 42, the following oper-
ation is carried out in connection with the reference
memory cell 41.

The signal ¢12 rises. In response to the rise of the
signal ¢12, the NMOS transistors 14 and 15 in the line
data storage circuit 1 are turned on, so that the input
data is written to the bit lines B and B#. It is to be noted
that when the input signal DIN is at a HIGH level, the
voltage levels of the bit lines B and B# become HIGH
and LOW, respectively, and that when the input signal
DIN is at a LOW level, the bit lines B and B# become
1L.OW and HIGH, respectively. When a word line WL

- rises to a HIGH level, the sense amplifiers 51 and 52 in

50

the sense amplifier array 5 are driven to amplify the
pairs of the bit lines B and B#, and BL and BL# to a
level enough to be written to the memory cells 41 and
42. Finally, the word line WL is dropped to finish the
write operation to the memory cells 41 and 42. In the
above manner, the same data is written to the memory

~ cells 41 and 42 at the same time through the respective

35

65

pairs of bit lines B and B#, and BL and BL#.

The following describes a read operation and an out-
put evaluation operation.

When a read operation starts, a word line WL 1s
raised as shown in FIG. 22, and the sense amplifiers 31
and 52 are driven, so that data in the memory cells 41
and 42 are read out to the respective pairs of bit lines B
and B#, and BL and BL#. Then, the signal ¢12 rises. In
response to this signal ¢12, the expected value signal E
representing data written to the reference memory cell
41 is outputted to the bit line select circuit 2 in the form
of an inverted signal E#. For starting a evaluation oper-
ation, the signal ¢31 directed to the NMOS transistor 31
is dropped to a LOW level, the signal ¢32 directed to
the NMOS transistor 32 is raised to a HIGH level, and
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after that, the signal ¢21 directed to the AND gates 21
and 22 of the bit line select circuit 2 are raised.

If the input data written to the reference memory cell
41 is a logical one (“‘1”), the expected value signal E
becomes HIGH and therefore its inverted signal E#
becomes LOW. At this time, the levels of the select
signals S and S# become LOW and HIGH, respec-
tively. Accordingly, the NMOS transistor 34 in the
output evaluation circuit 3 is turned on, and thereby a
signal at the level of the bit line BL.# is inputted to the
gate electrode of the NMOS transistor 35. If the read
operation from the examined memory cell 42 1s nor-
mally carried out, the bit line BL# must be at a LOW
level. When the bit line BL# is at a LOW level, the gate
electrode of the NMOS transistor 35 is provided with a
signal of a LOW level, so that the NMOS transistor 35
keeps its off-state. In this case, a HIGH-level signal
indicative of “coincidence” is outputted to the output
line DOUT. On the other hand, if the read from the
examined memory cell 42 results in error, the bit line
BL# is at a HIGH level. In this case, the NMOS transis-
tor 35 is turned on and a LOW-]evel signal representa-
tive of *““non-coincidence” is outputted to the output line
DOUT. |

When data written to the reference memory cell 41 is
a logical zero (“0”), the expected value signal E be-
comes LOW and therefore its inverted signal E# be-
comes HIGH. At this time, the voltage levels of the
select signals S and S# become HIGH and LOW, re-
spectively. Accordingly, the NMOS transistor 33 in the
output evaluation circuit 3 is turned on, and thereby a
signal of the level of the bit line BL is inputted to the
gate electrode of the NMOS transistor 35. If the data
reading from the examined memory cell 42 is normally
executed, the bit line BL must be at a LOW level. When
the bit line BL is at a LOW level, the gate electrode of
the NMOS transistor 35 is provided with a signal of a
LOW level, so that the NMOS transistor 35 keeps its
off-state. As a result, a signal of a HIGH level indicative
of “coincidence” is outputted to the output line DOUT.
On the other hand, if the data read from the examined
memory cell 42 fails, the bit line BL is at a HIGH level.
In this case, the NMOS transistor 35 1s turned on and a
1. OW-level signal representative of “non-coincidence”
is outputted to the output line DOUT.

As described above, whether the data written to the
memory cells 41 and 42 at the same time is a logical zero
or one, the DRAM outputs a HIGH-level signal indica-
tive of “coincidence” to the output line DOUT when
the data is normally read from the memory cell 42, and
outputs a LOW-level signal indicative of “non-coinci-
dence” when the data is erroneously read out from the
memory cell 42.

The above read and evaluation operation is executed
simultaneously for all the examined memory cells 42
storing data equivalent to a line data, independently of
 each other. Therefore, the operating test of the device
~ can be performed at a high speed.

In the present embodiment, the reference memory
cell 41 is connected with only one B or B# of the com-
plementary bit lines B and B# and the memory cell 42
with only one BL or BL# of the complementary bit
lines BL and BL#. This case corresponds to a case
shown in FIG. 23, wherein a memory cell M is consti-
tuted from a MOS transistor and a capacitor which are
connected in series and a cell plate voltage is applied to
a terminal of the capacitor. The present invention, how-
ever, is not limited to this case, and can be applied to a
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10
case wherein a memory cell is connected to both of the
complementary bit lines BL and BL# (U.S. Pat. No.
4,792,922), as shown in FIGS. 24 and 23. .

Second Embodiment

FIG. 3 is a circuit diagram of a test circuit for a semi-
conductor memory device according to a second em-
bodiment of the present invention, and FIG. 4 shows
input waveforms of the control signals ¢1, $2, and ¢3
inputted to the test circuit of FIG. 3.

In FIG. 3, a reference number 101 indicates an ex-
pected value generator equivalent to the line data stor-
age circuit 1 shown in FIG. 1, a reference number 102
indicates a data signal select circuit equivalent to the bit
line select circuit 2 shown in FIG. 1. Reference numbers
103-108 designate inverters, a reference numbers 109 is
a PMOS transistor, reference numbers 110-114 desig-
nate NMOS transistors, and reference numbers 1135 and
116 designate NAND gates. The transistors 112-114
constitute a first switch SW1, and the transistor 111
constitutes a second switch SW2. These first and second
switches SW1, SW2 constitute an output evaluation
circuit. In addition, transistors 109 and 110 constitute a
switch SW3 for permitting an expected value E to be
temporarily held in an output signal line S.

This test circuit confirms whether the expected value
E outputted from the expected value generator 101 1s
the same level as a data line D in the following manner.

It is to be noted that the expected value E may be one
of two values, Vcc or the GND. In addition, data of
mutually reverse phase are always inputted to data lines
D and D. One of these data is obtained by inputting the
signal outputted from one bit terminal into an inverter
(not shown in the figure), and the other data is obtained
directly from the bit terminal.

First, the level of the signal ¢1 is dropped at the time
t1 as shown in FIG. 4, and the NMOS transistors 113,
114 are set off through the data signal select circuit 102.
Next, the level of the signal ¢2 is lowered at the time t2,
transistor 112 is set on through the mverter 108, and a
node connected to the NMOS transistor 111 1s dis-
charged. The NMOS transistor 111 thus becomes oft.
The level of the signal ¢3 is then lowered at the time t3,
the PMOS transistor 109 and NMOS transistor 110 are
made on, and the expected value is applied to the output
signal line S.

To compare the level of the expected value and the
level of the data line D, the signals ¢2 and ¢3 are raised
at the time t4 to turn off the transistors 109, 110, and
112. Next, the level of &1 is raised at the time t5 to bring
the data line select circuit 102 into an enabled state
wherein the data line select circuit is ready to operate in
response to the expected value.

- 'When the expected value is Vcc, the transistor 113 1s
made on through the data line select circuit 102, and the
output of the data line D is inputted to a gate electrode
of the n-transistor 111. If at this time the levels of the
expected value and of the data line D are coincident, the
level of the data channel D will be the GND. The n-
transistor 111 will thus remain off, and the expected
value will be outputted directly to the output signal line
S. Conversely, if the levels of the expected value and of
the data channel D are non-coincident, the data line D
is Vcc. The n-transistor 111 is therefore on, and the
output signal line S is rewritten to the level of the fail
signal line S. As a result, data which is reverse phase to

the expected value is outputted to the output signal line
S.
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However, when the expected value is at the level of
the ground (GND), the transistor 114 is turned on in
response to the signal via the data line select circuit 102,
and the level of the data line D is outputted to the gate
electrode of the n-transistor 111. If it is assumed that the
expected value and the output of the data line D are
coincident, the output of the data line D is at the level
of the GND. Thus, the n-transistor 111 remains off and
the expected value is outputted directly to the output
signal line S. Conversely, if the level of the expected
value and the level of the data channel D are non-coin-
cident, the data line D is at the level of Vcc. The n-tran-
sistor 111 therefore becomes on, the output signal line S
is rewritten to the level of the fail signal line S, and as a
result data which is reverse phase to the expected value
is outputted to the output signal line S.

As described hereinabove, if the expected value and
the output of the data line are coincident, the transistor
111 is off and the expected value is outputted to the
output signal line S. Furthermore, if the expected value
and the output of the data channel are non-coincident,
the the transistor 111 is on, and as a result the level of
the fail signal line §, 1.e., data of a phase reverse to that
of the expected value, is outputted to the output signal
line S.

This circuit can also be designed so that a plurality of
pairs of data lines may use the data select signal from the
data hie select circuit 102, the output signal line S and
the fail signal line S in common. If this circuit is used,
for example, in a semiconductor memory device such as
DRAMs, SRAMs, ROMs, or others, the device test
time can be reduced because the data outputted to the
multiple data lines D, D can be evaluated at one time. It
1s also possible to detect an error even if the data output-
ted from all bits are in error. In addition, testing can be
completed without using an exclusive OR or other
complicated circuit construction.

It 1s to be noted that a PMOS device or a CMOS
device can be substituted for the NMOS transistors
111-114, and the first switch SW1 can be replaced with
a logical circuit as shown, for example, in FIG. 5.

Third Embodiment

FIG. 6 is a block diagram showing essential compo-
nents of a semiconductor memory device according to
a third embodiment of the present invention. In FIG. 6,
a reference number 301 indicates a row address counter,
a reference number 302 indicates a latch circuit, a refer-
ence number 303 indicates a pattern control circuit, and
a reference number 304 indicates a line test circuit.
These circuits operate as described hereinbelow.

Specifically, when a line test mode is set, a line test
signal R is inputted via a line test signal line 305. At this
time, a count input signal ¢ inputted from an external
source or a count input signal inputted from an internal
source in the form of pulse is received by the row ad-
dress counter 301, which counts the row address to
automatically change the row address, and outputs the
counted row address to a row decoder (not shown). At
the same time that the line test signal R is inputted, the
latch circuit 302 latches test pattern data signals Sp
inputted from an input terminal 306 which can select
the test pattern. One of the pattern data signals latched
by the latch circuit 302 is selected by the pattern control
circuit 303 in response to the address data outputted
from the row address counter 301, and the obtained

pattern data signal Sp is inputted to the line test circuit
304.
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In the line test circuit 304, as shown in FIG. 11, the
input data is written through each bit line B, B#; BL,
BL# to memory cells C1, C2 connected to a word line
WL selected by the row decoder (not shown). When
the row address counter 301 counts up to the N
(N=maximum address plus one), a read test signal
ARw outputted from the row address counter 301 is
received by the line test circuit 304, thus setting a read
mode, and the data written to each bit line 1s thus read.
If all data read from each bit line is correct, a pass signal
is outputted, but if there 1s an error in even one data, a
fail signal is outputted.

FI1G. 7 shows specific circuits for each block shown
in the block diagram in FIG. 6.

In FIG. 7, the row address counter 301 has circuits
from ARO, corresponding to address Ao, to ARS8, corre-
sponding to address Ag, and a circuit ARw, correspond-
ing to the row address (max +1). The row address
counter 301 is reset in response to the line test signal R,
and then counts the row address in response to the
count input signal ¢.

The latch circuit 302 has NMOS transistors 307, 308,
which are turned on in response to the line test signal R
and are connected respectively to input terminals 3064,
3065 used for inputting the test pattern data signals Sp.
The latch circuit 302 also has two parallel-connected
but oppositely-oriented inverters 311, 312 which latch
data inputted from the input terminal 3064, and two
paraliel-connected but oppositely-oriented inverters
309, 310 which latch data inputted from the input termi-
nal 3060b. -

The pattern control circuit 303 has NMOS transistors
313 and 314, PMOS transistors 315 and 316, and an
inverter 317. In response to output signal from the cir-
cuit ARO corresponding to address O, the pattern con-
trol circuit 303 outputs either data latched by the invert-
ers 309, 310 or data latched by the inverters 311, 312.
Specifically, when output from the circuit ARO 1s O, the
transistors 313, 315 are turned on, and the data latched
by the inverters 309, 310 is output to the line test circuit
304. On the other hand, when output from the circuit
ARO i1s 1, the transistors 314, 316 are turned on, and the
data latched by the inverters 311, 312 1s outputted to the
line test circuit 304.

The line test circuit 304 is constructed as shown in
FIG. 11.

In FIG. 11, a reference number 320 indicates a mem-
ory cell array having a plurality of memory cells C1,
C2, and a reference number 330 indicates a sense ampli-
fier array including a plurality of sense amplifiers SA1,
SA2. The memory cells C1, C2 in each row are con-
nected to word lines WL and are selected simulta-
neously by the respective word lines WL. FIG. 11 does
not show all of the memory cells, word lines, sense.
amplifiers, etc for the sake of simplicity. A reference
number 350 indicates a line data storage circuit, a refer-
ence number 360 indicates a bit line select circuit, a
reference number 370 indicates an evaluation circuit,
and a reference number 380 indicates an output circuit.

The line data storage circuit 350 has NMOS transis-
tors 351 and 352 which are simultaneously controlled
by a signal ¢51, a latch circuit constructed from invert-
ers 353, 354 for latching data inputted via the transistors
351 and 352, and NMOS transistors 355, 356 which are
controlled simultaneously by a signal ¢52. The invert-
ers 353 and 354 of the latch circuit are parallel to each
other but oppositely oriented. The line data storage
circuit 380 writes through test bit lines B, B# data
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latched by the latch circuit to a memory cell C1 con-
nected to the bit line B or B# by controlling the transis-
tors 35§, 356, and reads the written data.

The bit line select circuit 360 has NAND circuits 361
and 362, which receive a signal ¢33, and inverters 363,
364 and 365.

When the signal $53 is at a LOW level, outputs from
both inverters 364 and 365 are also LOW. When the
signal #5853 becomes HIGH, the outputs of inverters 364
and 3658 become LOW and HIGH, respectively, if the
data from the line data storage circuit 350 1s HIGH. But
if the mput data from the line data storage circuit 350 1s
LOW when the signal $53 is HIGH, the outputs of
imverters 364, 365 become HIGH and LOW, respec-
tively.

The evaluation circuit 370 is provided for each pair of
bit lines BL, BL#. Each evaluation circuit 370 has
NMOS transistors 371, 372 controlled by an output
signal from the bit hine select circuit 360, an NMOS
transistor 373 controlled by a signal $54, and an NMOS
transistor 374 controlled by a signal outputted through
the bit lines BL,, BL#. Power is supplied to the NMOS
transistor 374 via a PMOS transistor 391 controlled by
a signal ¢55.

The output circuit 380 has a PMOS transistor 381
controlled by a signal outputted from the evaluation
circuits 370, an NMOS transistor 382, and a inverter
383. The NMOS transistor 382 1s switched on or off by
a signal &56 to initialize the output level.

The write operation and the read and evaluation

operation of the line test circuit 304 constructed as
above are described hereinbelow.

In the write operation, the signal ¢51 is set HIGH to
turn on the NMOS transistor 351, 352, and data DIN i1s
inputted. The input data DIN is inputted straight to the
NMOS transistor 352, but is inverted before inputted to
the NMOS transistor 351. The input data 1s latched by
the inverters 353 and 354. Next, when the signal ¢$382 1s
set HIGH and the NMOS transistors 338§, 356 become
continuous or turned on, the input data DIN is written
to the bit lines B, B#. The signal ¢53 1s set HIGH paral-
lel to this operation. In response to the signal 53 of a
HIGH level, the outputs of the inverters 364 and 365
become HIGH and LOW, respectively, when the input
data is HIGH (1.e., when the input data to the bit hine
select circuit 360 i1s LOW). Therefore, NMQOS transistor
372 is turned on, and the bit line BL# is dropped to a
GND level. However, when the input data DIN to the
line data storage circuit 350 is LOW, the NMOS transis-
tor 371 conversely becomes continuous, and the bit line
BL 1s dropped to the GND level. Finally, when the
level of a selected word line WL is raised, data is writ-
ten to the memory cells C1, C2, C2, ... connected to the
word line through bit line pairs B, B# and BL,, BL#.

When the written data is read, the level of the word
fine is first raised. Thus, the data written to the above
memory cells C1, C2, C2, . . . are read respectively
through the bit line pairs B, B#; BL, BL#; . . . Next,
when the level of the signal ¢52 is raised, the data read
through the bit line B is inverted by the inverter 353 and
inputted to the bit line select circuit 360.

In the evaluation operation, signal ¢53 is set HIGH
after setting signal $54 LOW and signal ¢55 HIGH. If
at this time the input data is a logical 1, the data read
through the bit line B is HIGH. Thus, LOW level data
is inputted to the bit line select circuit 360, and the
output of the inverter 364 becomes HIGH, so that the
NMOS transistor 372 is turned on and that the level of
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the bit line BL# is inputted to the gate electrode of the
NMOS transistor 374. |

If the read operation through the bit lines BL, BL#
was executed normally, the bit line BL# should be a
LOW level as described above. Therefore, the NMOS
transistor 374 remains non-continuous, and the PMQOS
transistor 381 of the output circuit 380 also remains
non-continuous. Therefore, a HIGH level indicating
coincidence is outputted from the inverter 383. How-
ever, if there was an error in the read operation through
the bit lines BL, BL#, the bit line BL# should be
HIGH. Therefore, both the NMOS transistor 374 and
the PMOS transistor 381 of the output circuit 380 will
be continuous, and a LOW level indicating non-coinci-
dence is outputted from the inverter 383.

The same principle applies when the input data 1s a
logical O. If reading is normal, a HIGH level 1s output-
ted, and if there is a reading error, a LOW level 1s out-
putted.

FIG. 8 is a diagram showing the timing of the line
test. FIG. 9 is an outline of the flip-flop circuit for one
address in the row address counter 301, and FIG. 10
shows an example of operation waveforms of the circuit
of FIG. 9.

The operation of the circuits shown in FIGS. 6 and 7
is described hereinbelow.

First, a line test pulse R is inputted to the row address
counter 301 through the line test signal hine 305, and the
row address counter 301 is reset. At the same time, the
NMOS transistors 307, 308 of the latch circuit 302 are
set ON, so that the data at the input terminals of ad-

dresses O and 1 from test pattern signal lines 306a, 3065
are latched by the latch circuit of the inverters 309, 310

and inverters 311, 312, respectively. If the data at the
addresses O and 1 are both 0, a 00 pattern test can be
executed, and if both data are 1, a 11 pattern test can be
executed. The OO pattern writes data of a logical O to
the memory cells C1, C2, ... of any word line WL. The
11 pattern writes data of a logical one to the memory
cells of any word line WL. Furthermore, if the address
0 and address 1 data are O and 1, respectively, a 0Ol
pattern test can be executed, and if 1 and 0, respectively,
a 10 pattern test can be executed. In the 01 pattern test,
data having a logical 0 is written to the memory cells
connected to odd word lines while data having a logical
1 1s written to the memory cells connected to even
word lines. On the other hand, in the 10 pattern test,
data having a logical 1 is written to the memory cells
connected to the odd word lines while data having a
logical 0 is written to the memory cells connected to the
even word lines.

The data from address O to address 8 are outputted
from the row address counter 301 to the row decoder
(not shown), and the row decoder selects a word line
based on this data. The pattern control circuit 303 then
receives the output from the circuit ARO, and outputs
the data latched by the latch circuit 302 to the line test
circuit 304 as input data DIN.

The line test circuit 304 executes an input data writ-
ing if the output from the ARw counter circuit in the
row address counter 301 is 0, and executes a reading and
evaluation operation of the written data if the output
from the ARw counter circuit 1s 1.

Thus, a word line to be tested can be automatically
selected because the row address is automatically
changed by the row address counter 301. Furthermore,
it is not necessary to provide an input data DIN from an
external source to the line test circuit 304 each time a
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line test for each word line is executed because the input
data DIN to the line test circuit 304 is selected from the
line pattern data latched by the latch circuit 302 in
response to the address data outputted by the row ad-
dress counter 301. Therefore, the line test can be exe-
cuted simply, and line test time can be reduced.

Fourth Embodiment

FI1G. 12 shows a DRAM according to a fourth em-
bodiment of the present invention. The DRAM has a
line data storage circuit 401, a bit line select circuit 402
and a plurality of output evaluation circuits 403 (only
one is shown in the figure). A reference numeral 404
indicates a memory cell array including a plurality of
memory cells 441, 441, . ..; 442, . . . though only two of
the memory cells 441, 442 are shown in the figure. A
reference numeral 405 indicates a sense amplifier array
including a plurality of sense amplifiers 451, 452, 452, .
. . though only two of the sense amplifiers 451, 452 are
shown in the figure. The memory cells 441, 442, 442, . .
. in each row are connected to respective word lines
WL and are selected simultaneously by the respective
word lines WL (only one of the word lines WL is
shown in FIG. 12 for the sake of simplicity). The mem-
ory cell 441 on each word line is a reference memory
cell directed to a line test, namely, data in the memory
cell 41 1s used as reference data for comparison with
data read from examined memory cells 442.

Data writing to and data reading from the reference
memory cell 441 are carried out through a pair of com-
plementary bit lines B and B# while data writing to and
reading from the examined memory cells 442 are car-
ried out by the other pairs of complementary bit lines
BL and BL# (only one pair BL and BL# is shown in
the figure). The sense amplifiers 451 and 452 amplify the
potential difference between the bit lines B and B# and
that of the bit lines BL and BL#.

The line data storage circuit 401 has an NMOS tran-
sistor 411 controlled by a signal ¢11, inverters 412 and
413 connected i1n parallel but in opposite directions,
NMOS transistors 414 and 415 which are simulta-
neously controlled by a signal ¢12. The line data stor-
age circuit 401 writes data, which is an input signal
DIN, to the reference memory cell 441 through the bit
lines B and B#. On the other hand, data DIN#, which
is obtained by inverting the input signal DIN, is output-
ted from the line data storage circuit 401 to the bit line
select circuit 402. Data written to the memory cell 441
1s read out as an expected value signal E. After inverted,
the signal E is outputted to the bit line select circuit 402
as signal E#.

The bit line select circuit 402 has AND gates 421 and
422 to receive a signal ¢21, and an inverter 423 con-
nected between respective input terminals of the AND
gates 421 and 422. In response to the inverted signal
DIN# or the inverted expected value signal E# from
the line data storage circuit 401, the bit line select circuit
402 outputs a pair of select signals S and S# for select-
ing the bit line BL or BL# of the examined memory cell
442 1n accordance with the level of the signal DIN# or
E#.

Each output evaluation circuit 403 has an NMOS
transistor 435 connected between an output line DOUT
and the ground, and NMOS transistors 433 and 434
respectively connected to the bit lines BL and BL#. A
gate electrode of the NMOS transistor 435 is connected
with the complementary bit lines BL. and BL# through
the NMOS transistors 433, 434, respectively.

10

15

20

25

30

35

45

50

55

65

16

The NMOS transistors 433 and 434 are respectively
controlled by the select signals S and S# outputted
from the bit line select circuit 402. Each output evalua-
tion circuit 403 also has an NMOS transistor 431 which
is connected between the gate electrode of the NMOS
transistor 435 and the ground and which is controlled
by a signal ¢31. A fuse 436 is connected between the
NMOS transistor 435 and the output line DOUT. Ac-
cordingly, the fuse 436 can separate the output line
DOUT from the NMOS transistor 435, and therefore
from the bit lines BL. and BL#. One of the output evalu-
ation circuits 403 have a common p-channel metal oxide
semiconductor (PMOS) transistor 432 which i1s con-
nected between a power source and the output line

DOUT and which is controlled to be turned on or off -

by a signal ¢32.

The DRAM with the above structure acts as de-
scribed below, based on the timing as shown in FIG. 22.
In FIG. 22, a dotted line indicates timing for a write
operation and a solid line indicates timing for a readout
operation.

The following describes a write operation.

In a precharge state (a leftmost part of the timing
chart in FIG. 22), the signal ¢21 is at a LOW level,
outputs from AND gates 421 and 422 in the bit line
select circuit 402 are both at a LOW level, and accord-
ingly, no continuity exists in the NMOS transistors 433
and 434, that 1s, the NMOS transistors 433 and 434 are
in an off-state. At this time, the signal ¢$31 is at a HIGH
level and the signal ¢32 is at a LOW level.

When the write operation starts, the level of the input
signal DIN becomes HIGH or LOW in accordance
with an input data. Then, the signal ¢11 rises, so that the
NMOS transistor 411 in the hine data storage circuit 401
is turned on. As a result, the input signal DIN is latched
by the inverters 412 and 413. After that, the signal ¢21
rises. At this time, if the input signal DIN is at a HIGH
level, that is, the inverted signal DIN# is at a LOW
level, the voltage level of the select signal S becomes
LOW and that of the other select signal S# becomes
HIGH. As a result, the NMOS transistor 434 is turned
on, so that the bit line BL.# drops to a ground (GND)
level. On the other hand, because the NMOS transistor
433 is in an off-state, the bit line BL remains at the initial
level of the precharge state (3 Vcc 1s usually used).

When the signal ¢21 rises, if the input signal DIN is
at a LOW level, that is, the inverted signal DIN# is at
a HIGH level, the voltage levels of the select signals S
and S# become HIGH and LOW, respectively. Ac-
cordingly, the NMOS transistor 433 is turned on and
the bit line BL drops to the GND level. On the other
hand, because the NMOS transistor 434 is in an off-
state, the bit line BL.# keeps the initial level of the pre-
charge state.

In parallel with the above operation in connection
with the examined memory cell 442, the following oper-
ation is carried out in connection with the reference
memory cell 441.

The signal ¢12 nises. In response to the rise of the
signal ¢12, the NMOS transistors 414 and 415 in the line
data storage circuit 401 are turned on, so that the input
data is written to the bit lines B and B#. It is to be noted
that when the input signal DIN is at a HIGH level, the
bit lines B and B# become HIGH and LOW, respec-
tively, and that when the input signal DIN is at a LOW
level, the bit lines B and B# become LOW and HIGH,
respectively. After a word line WL 1s raised, the sense
amplifiers 451 and 452 in the sense amplifier array 405
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are driven to amplify the pairs of the bit lines B and B#,
and BL and BL# to a level enough to be written to the
memory cells 441 and 442. Finally, the word line WL is
dropped to finish the write operation to the memory
cells 441 and 442. In the above manner, the same data is
written to the memory cells 441 and 442 at the same
time through the respective pairs of bit lines B and B#,
and BL and BL#.

The following describes a readout operation and an
output evaluation operation.

When a read operation starts, a word line WL rises as
shown in FIG. 22, and the sense amplifiers 451 and 452
are driven, so that data in the memory cells 441 and 442
are read out to the respective pairs of bit lines B and B#,
and BL and BL#. Then, the signal ¢12 rises. In re-
sponse to this signal ¢12, the expected value signal E
representing data written to the memory cell 441 is

outputted to the bit line select circuit 402 in the form of

an inverted signal E#. For starting a evaluation opera-
tion, the signal ¢31 falls to a LOW level, the signal ¢32
rises to a HIGH level, and after that, the signal ¢21
rises.

If the input data written to the reference memory cell
441 is a logical one (*17), the expected value signal E
becomes HIGH and therefore its inverted signal E#
becomes LOW. At this time, the selected signals S and
S# become LOW and HIGH, respectively. Accord-
ingly, the NMOS transistor 434 in the output evaluation
circuit 403 1s turned on, and thereby a signal at the level
of the bit line BL# is inputted to the gate electrode of
the NMOS transistor 435. If the read operation from the
examined memory cell 442 is normally carried out, the
bit line BL# must be at a LOW level. When the bit line
BL# is at a LOW level, the gate electrode of the
NMOS transistor 435 is provided with a LOW-level
signal, so that the NMOS transistor 435 keeps its off-
state. As a result, a HIGH-level signal indicative of
“coincidence” is outputted to the output line DOUT.
On the other hand, if the data read from the examined
memory cell 442 results in error, the bit line BL# 1s at
a HIGH level. In this case, the NMOS transistor 435 is
turned on and a LOW-]evel signal representative of
“non-coincidence” 1s outputted to the output line
DOUT.

When data written to the reference memory cell 41 is
a logical zero (*0”), the expected value signal E be-
comes LOW and therefore its inverted signal E# be-
comes HIGH. At this time, the select signals S and S#
become HIGH and LOW, respectively. Accordingly,
the NMOS transistor 433 in the output evaluation cir-
‘cuit 403 is turned on, and thereby a signal at the level of
the bit line BL is inputted to the gate electrode of the
NMOS transistor 435. If the data reading from the ex-
amined memory cell 442 is normally executed, the bit
line BL must be at a LOW level. When the bit line BL
is at a LOW level, the gate electrode of the NMOS
transistor 435 is provided with a signal of a LOW level,
so that the NMOS transistor 435 keeps its off-state. As
a result, a signal of a HIGH level indicative of *coinci-
dence” is outputted to the output line DOUT. On the
other hand, if the data reading from the examined mem-
ory cell 442 results in error, the bit line BL 1s at a HIGH
level. In this case, the NMOS transistor 435 is turned on
and a LOW-]evel signal representative of “non-coinci-
dence” 1s outputted to the output line DOUT.

As described above, whether the data written to the
memory cells 441 and 442 at the same time are a logical
zero or one, the DRAM outputs a signal indicative of
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“coincidence” when the data is normally read out from
the examined memory cell 442, and outputs a signal
indicative of ‘“‘non-coincidence” when the ‘data is erro-
neously read out from the memory cell 442.

The above read and evaluation operation 1s executed
simultaneously for all the memory cells 442 storing data
equivalent to a line data, independently of each other.
Therefore, the operating test of the device can be per-
formed at a high speed. In addition, bit lines connected
to a memory cell 442 whose data has been erroneously
read can be separated from the output line DOUT by
cutting a corresponding fuse 436. Therefore, even
though there is a defect in any of memory cells selected
by a word line, after the bit lines connected to the defec-
tive memory cell have been separated from the output
line DOUT by cutting the fuse, the operation test for
memory cells on the remaining bit lines can be contin-
ued without any trouble and in the same manner as
executed before. This makes the line test much simpler
and faster.

In the present embodiment, the reference memory
cell 441 is connected with only one B of the bit lines B
and B# and the examined memory cell 442 with only
one BL of the bit lines BL. and BL#. This case corre-
sponds to a case wherein a memory cell M 1s constituted
from a MOS transistor and a capacitor which are con-
nected in series and a cell plate voltage is applhed to a
terminal of the capacitor, as shown in FIG. 23. The
present invention, however, is not himited to the case,
and can be applied to a case wherein a memory cell is
connected to both of a pair of bit lines BL and BL#
(U.S. Pat. No. 4,792,922), as shown 1n FIGS. 24 and 25.

The fuse 436 is connected between the NMOS tran-
sistor 435 and the output line DOUT in the above em-

bodiment. However, the fuse 436 may be provided in
positions as shown in FIGS. 13 and 14. DRAMs in the
FIGS. 13 and 14 are the same in structure as the DRAM
in F1G. 12, except for the connection position of the
fuse 436.

The fuse 436 of FIG. 13 1s connected at one end with
the gate electrode of the NMOS transistor 435 and at
the other end with a junction of the bit lines BIl. and
BL#. The DRAM of FIG. 14 uses two fuses 436. One
fuse 436 is provided between the gate electrode of the
NMOS transistor 435 and the NMOS transistor 433
while the other fuse 436 is provided between the gate
electrode of the NMOS transistor 435 and the NMOS
transistor 434. The important thing is that the fuse or
fuses 436 are provided so that a pair of bit lines BL. and
BL# is separated from the output line DOUT.

Fifth Embodiment

FIG. 15 shows a DRAM according to a fourth em-
bodiment of the present invention. The DRAM has a
line data storage circuit 501, a bit line select circuit 502
and a plurality of output evaluation circuits 503 (only
one is shown 1n the figure). A reference numeral 504
indicates a memory cell array including a plurality of
memory cells 541, 542, 542, . . . though only two of the
memory cells 541, 542 are shown 1n the figure. A refer-
ence numeral 505 indicates a sense amplifier array in-
cluding a plurality of sense amplifiers 551, 5§52, 5§§2, . ..
though only two of the sense amplifiers §51, 552 are
shown in the figure. The memory cells 541, 542, 542, . .
. In each row are connected to word hines WL and are
selected simultaneously by the respective word lines
WL (only one of the word lines WL 1s shown in FIG.
15 for the sake of simplification). The memory cell 541
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on each word line is a reference memory cell special-
1zed for a line test, namely, data in the memory cell §41
1s used as reference data for comparison with data read
from the examined memory cells 542.

Data writing to and data reading from the reference
memory cell 541 are carried out through a pair of com-
plementary bit lines B and B# while data writing to and
reading from the examined memory cells 542 are car-
ried out by the other pairs of complementary bit lines
BL and BL# (only one pair BL. and BL# is shown in
the figure). Actually, only the bit lines B and BL are
connected to the memory cells 541 and 542, respec-
tively.

The sense amplifier array 505 has a pair of drive
signal lines SEN and SEN# for driving the sense ampli-
fiers §81, 8§52, §52, . . . Each sense amplifier 5§51, 552 has
a pair of pull-up transistors 561 and 562 and a pair of
pull-down transistors 563 and 564. Furthermore, each
sense amplifier has a fuse §60 which is provided be-
tween one dnive signal line SEN and a junction between
~ the pull-up transistors 561 and 562. Each sense amplifier
551, 552 acts in response to signals ¢351 and ¢52 through
the drive signal lines SEN and SEN#. Specifically,
- when the signal ¢51 is raised to a power source level
and the signal ¢8§2 is dropped to a ground level, the
potential difference between the bit lines B and B# and
that between the bit lines BL and BL# are amplified by
the operation of the pull-up transistors 561 and 562 and
the pull-down transistors 563 and 564.

The line data storage circuit 501 has an NMOS tran-
sistor §11 controlied by a signal ¢11, inverters §12 and
513 connected in parallel but in opposite directions,
NMOS transistors 8§14 and S1§ which are simulta-
neously controlled by a signal ¢12. The line data stor-
age circuit 501 writes data, which is an input signal
DIN, to the reference memory cell §41 through the bit
lines B and B#. On the other hand, data DIN#, which
is obtained by inverting the input signal DIN, 1s output-
ted from the line data storage circuit 501 to the bit line
select circuit 502. Data written to the memory cell 541
is read out as an expected value signal E. After inverted,
the signal E 1s outputted to the bit line select circuit 502
as signal E#.

The bit line select circuit 502 has AND gates 521 and
522 to receive a signal $21, and an inverter 523 con-
nected between respective input terminais of the AND
gates 521 and 522. In response to the inverted signal
DIN# or the inverted expected value signal E# from
the line data storage circuit 501, the bit line select circuit
502 outputs a pair of select signals S and S# for select-
ing the bit lines BL or BL# of the memory cells 542 in
accordance with the level of the signal DIN# or E#.

Each output evaluation circuit 503 has an NMOS
transistor 535 connected between an output line DOUT
and the ground, and NMOS transistors 533 and 534
respectively provided on the bit lines BL and BL#. A
gate electrode of the NMOS transistor 535 is connected
with the complementary bit lines BL. and BL# through
the NMOS transistors 533, 534, respectively. The
NMOS transistors 533 and 534 are respectively con-
trolled by the select signals S and S# outputted from
the bit line select circuit 502. Each output evaluation
circuit 503 also has an NMOS transistor 531 which is
connected between the gate electrode of the NMOS
transistor 535 and the ground and which is controlled
by a signal ¢$31. One of the output evaluation circuits
503 has a common PMOS transistor 5§32 which is con-
nected between a power source set at a 3 Vcc level and
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the output line DOUT and which 1s controlled to be
turned on or off by a signal ¢32.

The DRAM with the above structure acts as de-
scribed below, based on the timing as shown in FIG. 22.
In FIG. 22, a dotted line indicates timing for a write
operation and a solid line indicates timing for a readout
operation.

The following describes a write operation.

In a precharge state (a leftmost part of the timing
chart in FIG. 22), every bit line B, B#, BL, BL# 1s
charged to the 3 Vcc level. The signal ¢21 is at a LOW
level, outputs from AND gates §21 and 522 1n the bit
line select circuit 502 are both at a LOW level, and
accordingly, no continuity exists in the NMOS transis-
tors 533 and 534, that is, the NMOS transistors 533 and
534 are in an off-state. At this time, the signal 31 1s at
a HIGH level and the signal ¢32 is at a LOW level. In
response to the signal ¢31, the PMOS transistor 532 1s
turned on and the output line DOUT 1s charged to the
2 Vcc level.

When the write operation starts, the level of the input
signal DIN becomes HIGH or LOW in accordance
with an input data. Then, the signal ¢11 rises, so that the
NMOS transistor 511 in the line data storage circuit 501
is turned on. As a result, the input signal DIN is latched
by the inverters 5§12 and §13. After that, the signal ¢21
rises. At this time, if the input signal DIN is at a HIGH
level, that is, the inverted signal DIN# is at a LOW
level, the voltage level of the select signal S becomes
LOW and that of the other select signal S# becomes
HIGH. As a result, the NMOS transistor 534 is turned
on, so that the bit line BL# drops to a ground (GND)
level. On the other hand, because the NMOS transistor
533 1s in an off-state, the bit line BL remains at the i1nitial
level of the pre-charge state.

When the signal ¢21 rises, if the input signal DIN 1s
at a LOW level, that is, the inverted signal DIN# is at
a HIGH level, the voltage levels of the select signals S
and S# become HIGH and LOW, respectively. Ac-
cordingly, the NMOS transistor 833 is turned on and
the bit line BL drops to the GND level. On the other
hand, because the NMOS transistor 534 is in an off-
state, the bit line BL# keeps the initial level of the pre-
charge state.

In parallel with the above operation in connection
with the examined memory cell 5§42, the following oper-
ation is carried out.in connection with the reference
memory cell 541. °©

The signal ¢12 rises. In response to the rise of the
signal ¢12, the NMOS transistors 514 and 518§ in the line
data storage circuit 501 are turned on, so that the input
data is written to the bit lines B and B#. It is to be noted
that when the input signal DIN is at a HIGH level, the
bit lines B and B# become HIGH and LOW, respec-
tively, and that when the input signal DIN is at a LOW
level, the bit Iines B and B# become LOW and HIGH,
respectively. When a word line WL rises, the sense
amplifiers 581 and §52 in the sense amplifier array 505
are driven by the signals ¢51 and 82 to amplify the
pairs of the bit lines B and B#, and BL. and BL# to a
level enough to be written to the memory cells 541 and
542. Finally, the word line WL falls to finish the write
operation to the memory cells 541 and 542. In the above
manner, the same data i1s written to the memory cells
§41, 542, 542 . . . at the same time through the respective
pairs of bit lines B and B#, and BL and BL#.

The following describes a read operation and an out-
put evaluation operation.
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When a readout operation starts, a word line WL
rises as shown in FIG. 22, and the sense amplifiers 551
and 552 are driven by the signals $81 and ¢52, so that
data in the memory cells 541 and 542 are read out to the
respective pairs of bit lines B and B#, and BL and BL#.
Then, the signal ¢12 rises. In response to this signal
¢12, the expected value signal E representing data writ-
ten to the reference memory cell 541 1s outputted to the
bit line select circuit 502 in the form of an inverted
signal E#. For starting a evaluation operation, the sig-
nal ¢31 falls to a LOW level, the signal ¢32 rises to a
HIGH level, and after that, the signal ¢21 rises.

If the input data written to the reference memory cell
541 is a logical one (“1”), the expected value signal E
becomes HIGH and therefore its inverted signal E#
becomes LOW. At this time, the select signals S and S#
become LOW and HIGH, respectively. Accordingly,
the NMOS transistor 534 in the output evaluation cir-
cuit 503 is turned on, and thereby a signal at the level of
the bit line BL# is inputted to the gate electrode of the
NMOS transistor 535. If the read operation from the
examined memory cell 542 is normally carried out, the
bit line BL.# must be at a LOW level. When the bit line
BL# is at a LOW level, the gate electrode of the
NMOS transistor 535 is provided with a LOW-level
signal, so that the NMOS transistor 535 keeps its oft-
state. As a result, a signal of the 4 Vcc level indicative
of “coincidence” 1s outputted to the output line DOUT.
On the other hand, if the data read from the examined
memory cell 542 results in error, the bit line BL# 1is at
a HIGH level. In this case, the NMOS transistor 535 1s
turned on and a ground-level signal representative of
“non-coincidence™ is outputted to the output line
DOUT.

When data written to the reference memory cell 541
is a logical zero (*0”’), the expected value signal E be-
comes LOW and therefore its inverted signal E# be-
comes HIGH. At this time, the select signals S and S#
become HIGH and LOW, respectively. Accordingly,
the NMOS transistor 533 in the output evaluation cir-
cuit 503 is turned on, and thereby a signal at the level of
the bit line BL 1s inputted to the gate electrode of the
NMOS transistor 838. If the data reading from the ex-
amined memory cell 542 is normally executed, the bit
line BL. must be at a LOW level. When the bit line BL
is at a LOW level, the gate electrode of the NMOS
transistor 535 is provided with a signal of a LOW level,
so that the NMOS transistor 535 keeps its off-state. As
a result, a signal of the 4 Vcc level indicative of *coinci-
. dence” is outputted to the output line DOUT. On the
other hand, if the data read from the examined memory
cell 542 results 1n error, the bit line BL is at a HIGH
level. In this case, the NMOS transistor 535 1s turned on
and a ground-level signal representative of ““non-coinci-
dence’ 1s outputted to the output line DOU'L.

As described above, whether the data written to the
memory cells 541 and 542 at the same time are a logical
zero or one, the DRAM outputs a signal indicative of
“coincidence’” when the data is normally read out from
the examined memory cell 542, and outputs a signal
indicative of “non-coincidence” when the data is erro-
neously read out from the examined memory cell 542.

The above read and evaluation operation is executed
stmultaneously for all the examined memory cells 42
storing data equivalent to a line data, independently of
each other. Therefore, the operating test of the device
can be performed at a high speed.
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Besides, when the reading of data from some exam-
ined memory cell 542, for example, among the memory
cells 542 for one-line data fails, the DRAM can prohibit
the corresponding sense amplifier §52 from further
operating by cutting the fuse 560 of the sense amplifier
552 having amplified the data in the defective memory
cell 542. In this case, even after a sense operation has
been done, it does not occur that the levels of defective
bit lines BL. and BL# will exceed the initial level (3 Vcc
level) of the precharge state. At this time, because the
power source is set at the 4 Vcc level, a drain voltage of
the NMOS transistor 535 is equal to or below $ Vcc.
That is, both a gate voltage and the drain voltage are
equal to or below the 3 Vcc level. Therefore, the
NMOS transistor 535 will not be turned on in any case.
In other words, the defective bit lines BL and BL# are
electrically separated from the output line DOUT all
the time. Therefore, even though the DRAM has defec-
tive bit lines BL, BL#, the DRAM can perform a read

20 operation and an output evaluation operation without
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being affected by the defective bit hnes.

In the present embodiment, the memory cell 541 is
connected with only one B of the bit lines B and B# and
the memory cells 542 with only one BL of the bit lines
BL and BL#. This case corresponds to a case wherein
a memory cell M is constituted from a MOS transistor
and a capacitor which are connected in series and a cell
plate voltage is applied to one of terminals of the capaci-
tor, as shown in FIG. 23. The present invention, how-
ever, is not limited to the case, and can be applied to a
case wherein a memory cell is connected to both of a

pair of bit lines BLL and BL# (U.S. Pat. No. 4,792,922),
as shown in FIGS. 24 and 25.

Sixth Embodiment

FIGS. 16 and 17 show a DRAM according to a sixth
embodiment of the present invention. The DRAM has a
line data storage circuit 601, a bit line select circuit 602,
a plurality of output evaluation circuits 603 (only one 1s
shown in the figure), a memory cell array 604, and a
sense amplifier array 605. The DRAM also has a plural-
ity of control circuits 606 as described in detail later and
as shown in FIG. 17. The memory cell array includes a
plurality of memory cells 641, 642, 642, . . . though only
two of the memory cells 641, 642 are shown in the
figure. The sense amplifier array includes a plurality of
sense amplifiers 651, 652, 652, . . . though only two of
the sense amplifiers 651, 652 are shown in the figure.
The memory cells 641, 642, 642, . . . in each row are
connected to word lines WL and are selected simulta-
neously by the respective word lines WL (only one of
the word lines WL 1s shown in FIG. 16 for the sake of
simplification). The memory cell 641 on each word line
WL is a reference memory cell specialized for a line
test, namely, data in the reference memory cell 641 is
used as reference data for comparison with data read
from the other memory cells 642 as examined memory
cells. Data writing to and data reading from the refer-
ence memory cell 641 are carried out through a pair of
complementary bit lines B and B# while data writing to
and reading from each of the examined memory cells
642 are carried out by a pair of complementary bit lines
BL and BL#. Actually, only the bit ines B and BL are
connected to the memory cells 641 and 642, respec-
tively, similarly to the above embodiments.

The sense amplifiers 651 and 652 of the sense ampli-
fier array 605 are driven by drive signal lines (not
shown) so as to amplify the potential difference be-
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tween the bit lines B and B# and that between the bit
lines BL and BL#, respectively. Unlike the sense ampli-
fiers 551 and 552 of the fifth embodiment shown in FIG.
15, the sense amplifiers 651 and 652 do not have a fuse.

The line data storage circuit 601 has an NMOS tran-
sistor 611 controlled by a signal ¢11, inverters 612 and
613 connected in parallel but in opposite directions,
NMOS transistors 614 and 615 which are simulta-
neously controlled by a signal ¢12. The line data stor-
age circuit 601 writes data, which is an input signal
DIN, to the memory cell 641 through the bit lines B and
B#. On the other hand, data DIN#, which is obtained
by inverting the input signal DIN, is outputted from the
line data storage circuit 601 to the bit line select circuit
602. Data written to the memory cell 641 is read out as
an expected value signal E. After inverted, the signal E
1s outputted to the bit line select circuit 602 as signal
E#. |

The bit line select circuit 602 has AND gates 621 and
622 to receive a signal ¢21, and an inverter 623 con-
nected between respective input terminals of the AND
gates 621 and 622. In response to the inverted signal
DIN# or the inverted expected value signal E# from
the line data storage circuit 601, the bit line select circuit
602 outputs a pair of select signals S and S# for select-
ing the bit line BL or BL# of the memory cells 642 in
accordance with the level of the signal DIN# or E#.

Each output evaluation circuit 603 has an NMOS
transistor 635 connected between an output line DOUT
and the ground, and NMOS transistors 633 and 634
provided respectively on the bit lines BL and BL#. The
output evaluation circuit 603 has a further NMOS tran-
sistor 636. A gate electrode of the NMOS transistor 635
1s connected with one terminal of this NMOS transistor
636. The other terminal of the NMOS transistor 636 is
connected to the bit lines BLL and BL# through the
NMOS transistors 633 and 634. There is provided a still
further NMOS transistor 631, which is connected be-
tween the gate electrode of the NMOS transistor 635
and the ground. The NMOS transistors 633 and 634 are
controlled by respective select signals S and S# output-
ted from the bit line select circuit 602. The NMOS
transistor 631 is controlled by a signal $31. The NMOS
transistor 636 1s controlied by a signal ¢36 outputted
from a corresponding control circuit 606 shown in FIG.
17.

One of the output evaluation circuits 603 has their
common PMOS transistor 632 which is connected be-
tween a power source set at a HIGH level and the
output line DOUT and which is controlled to be turned
on or off by a signal ¢32.

Each control circuit 606 is constituted from a PMOS
transistor 661, a fuse 663, an NMOS transistor 662 and
an inverter 664. The PMOS transistor 661, the fuse 663
and the NMOS transistor 662 are connected in series
between the power source (HIGH level) and the
ground. The inverter 664 is connected to a junction
between the PMOS transistor 661 and the fuse 663. The
PMOS and NMOS transistors 661 and 663 are con-
trolled by a signal ¢61 which assumes a LOW level
when the DRAM is in a precharge state and assumes a
HIGH level when the DRAM starts its operation. In
the case that the fuse 663 is not cut, the PMOS transistor
661 1s in an on-state and the NMOS transistor 662 is in
an off-state during the precharge state of the DRAM, so
that the signal $36 becomes LOW through the inverter
664. When the DRAM starts its operation, the PMOS
transistor 661 is turned off and the NMOS transistor 662
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1s turned on, so that the signal $36 becomes HIGH. On
the other hand, in the case that the fuse 663 is cut, the
signal ¢36 1s kept at a LOW level all the time. Accord-
ingly, the NMOS transistor 636 shown in FIG. 16 is in
an off state during the precharge state of the DRAM,
and is turned on upon the start of the operation, when
the fuse 663 is not cut. On the other hand, if the fuse 663
1s cut, the NMOS transistor 636 keeps its off state.

The DRAM with the above structure acts as de-
scribed below, based on the timing as shown in FIG. 22.

The following describes a write operation.

In the precharge state (a leftmost part of the timing
chart in FIG. 22), every bit line B, B#, BL, BL# is
charged to the # Vcc level. The signal ¢21is at a LOW
level, outputs from AND gates 621 and 622 in the bt
line select circuit 602 are both at a LOW level, and
accordingly, no continuity exists in the NMOS transis-
tors 633 and 634, that is, the NMOS transistors 633 and
634 are in an off-state. At this time, the signal ¢31 1s at
a HIGH level and the signal ¢32 1s at a LOW level. In
response to the signal ¢32, the PMOS transistor 632 is
turned on and the output line DOUT 1s charged to a
HIGH level. In addition, the signal ¢$36 is at a LOW
level and therefore the NMOS transistor 636 is in an off
state. |
When the write operation starts, the level of the input
signal DIN becomes HIGH or LOW in accordance
with an input data. Then, the signal ¢11 rises, so that the
NMOS transistor 611 in the line data storage circuit 601
1s turned on. As a result, the input signal DIN is latched
by the inverters 612 and 613. After that, the signal ¢21
rises. At this time, if the input signal DIN is at a HIGH
level, that 1s, the inverted signal DIN# is LOW, the
level of the select signal S becomes LOW and that of
the other select signal S# becomes HIGH. As a result,
the NMOS transistor 634 1s turned on, so that the bit
line BL# is caused to drop to a ground (GND) level
through the NMOS transistor 636 turned on in response
to the signal $36 of a HIGH level and the NMOS tran-
sistor 631 having been turned on since the precharge
state. On the other hand, because the NMOS transistor
633 1s in an off-state, the bit line BL remains at the initial
level of the precharge state. |

When the signal ¢21 rises, if the input signal DIN i
at a LOW level, that is, the inverted signal DIN# i1s at
a HIGH level, the voltage levels of the select signals S
and S# become HIGH and LOW, respectively. Ac-
cordingly, the NMOS transistor 633 is turned on and
the bit line BL drops to the GND level. On the other
hand, because the NMOS transistor 634 is in an off-
state, the bit line BL# keeps the initial level of the pre-
charge state.

In parallel with the above operation in connection
with the examined memory cell 642, the following oper-
ation is carried out in connection with the reference
memory cell 641.

The signal ¢12 rises. In response to the rise of the
signal $12, the NMOS transistors 614 and 615 in the line
data storage circuit 601 are turned on, so that the input
data is written to the bit lines B and B#. It is to be noted
that when the input signal DIN is at a HIGH level, the
bit lines B and B# become HIGH and LOW, respec-
tively, and that when the input signal DIN is at a LOW
level, the bit lines B and B# become LOW and HIGH,
respectively. When the word line WL rises, the sense
amplifiers 651 and 652 in the sense amplifier array 605
are driven and to amplify the pairs of the bit lines B and
B#, and BL and BL# to a level enough to be written to
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the memory cells 641 and 642. Finally, the word line
WL falls to finish the write operation to the memory
cells 641 and 642. In the above manner, the same data is
written to the memory cells 641, 642, 642, . . . at the
same time through the respective pairs of bit lines B and
B#, and BL and BL#.

The following describes a read operation and an out-
put evaluation operation.

When a read operation starts, a word line WL rises as
shown in FIG. 22, and the sense amplifiers 631 and 652
are driven, so that data in the memory cells 641, 642,
642, . . . are read out to the respective pairs of bit lines
B and B#, and BL and BL#. Then, the signal ¢12 rises.
In response to this signal ¢12, the expected value signal
'E representing data written to the reference memory
cell 641 1s outputted to the bit line select circuit 602 in
the form of an inverted signal E#. For starting a evalua-
tion operation, the signal ¢31 falls to a LOW level, the
signal ¢32 rises to a HIGH level, and after that, the
signal ¢21 rises.

If the input data written to the reference memory cell
641 is a logical one (“1”), the expected value signal E
becomes HIGH and therefore its inverted signal E#
becomes LOW. At this time, the select signals S and S#
become LOW and HIGH, respectively. Accordingly,
in each output evaluation circuit 603, the NMOS tran-
sistor 634 1s turned on, and thereby a signal at the level
of the bit line BL# is inputted to the gate electrode of
the NMOS transistor 635 through the NMOS transistor
636 in an on-state. If the data reading from an examined
memory cell 642 is normally carried out, the bit line
BL # must be at a LOW level. When the bit line BL# is
at a .LOW level, the gate electrode of the NMOS tran-
sistor 635 is provided with a LOW-level signal, so that
the NMOS transistor 635 keeps its off-state. As a result,
a signal of a HIGH level indicative of “coincidence” is
outputted to the output line DOUT. On the other hand,
if the data reading from the memory cell 642 results 1n
error, the bit ine BL# is at a HIGH level. In this case,
the NMOS transistor 635 is turned on and a LOW-level
signal representative of “non-coincidence” is outputted
to the output line DOUT.

When data written to the reference memory cell 641
is a logical zero (*‘0”’), the expected value signal E be-
comes a LOW level and therefore its inverted signal E#
becomes a HIGH level. At this time, the select signals S
and S# become HIGH and LOW, respectively. Ac-
cordingly, in each output evaluation circuit 603, the
NMOS transistor 633 is turned on, and thereby a signal
at the level of the bit line BL 1s inputted to the gate
electrode of the NMOS transistor 635 through the
NMOS transistor 636 in an on state. If the data reading
from the examined memory cell 642 is normally carried
out, the bit line BL. must be at a LOW level. When the
bit line BL is at a LLOW level, the gate electrode of the
NMOS transistor 635 is provided with a signal of a
LOW level, so that the NMOS transistor 635 keeps its
off-state. As a result, a HIGH-level signal indicative of
“coincidence” is outputted to the output line DOUT.
On the other hand, if the data reading from the memory
cell 642 results in error, the bit line BL 1s at a HIGH
level. In this case, the NMOS transistor 635 is turned on
and a LOW-level signal representative of ‘“‘non-coinci-
dence” is outputted to the output ine DOUT.

As described above, whether the data wrnitten to the
memory cells 641 and 642 at the same time are a logical
zero or one, the DRAM outputs a signal indicative of
“coincidence” when the data is normally read out from

10

135

20

235

30

35

45

50

55

60

635

26

the examined memory cell 642, and outputs a signal
indicative of “non-coincidence” when the data 1s erro-
neously read out from the examined memory cell 642.

The above read and evaluation operation 1s executed
simultaneously for all the examined memory cells 42
storing data equivalent to a line data, independently of
each other. Therefore, the operating test of the device
can be performed at a high speed.

Besides, when the read of data from some memory
cell 642, for example, among the memory cells 642 fails,
the NMOS transistor 635 for transferring the signal
from the memory cell 642 to the output line DOUT can
be kept in an off state all the time. More specifically, by
cutting the fuse 663 in the corresponding control circuit
606, shown in FI1G. 17, for controlling the NMOS tran-
sistor 636, the NMOS transistor 636 can be kept in an off
state all the time so as for the NMOS transistor 635 not
to be turned on. Accordingly, the defective bit lines can
be separated from the output line DOUT. Therefore,
even when the DRAM has defective bit lines, the read-
out operation and the evaluation operation can be well
performed without being affected by the defective bit
lines.

Alternatively, the DRAM may have control circuits
607 as shown in FIG. 18, in stead of the control circuits
606. The control circuit 607 has a fuse 671 and an
NMOS transistor 674 which are connected in series
between the power source (HIGH level) and the
ground. The control circuit 607 also has a PMOS capac-
itor 673 connected between the power source (HIGH
level) and a gate electrode of the NMOS transistor 674.
An inverter 675 is connected between a-conjunction 672
between the fuse 671 and the NMOS transistor 674 and
a conjunction 677 between the PMOS capacitor 673 and
the gate electrode of the NMOS transistor 674. Another
inverter 676 is connected with the conjunction 677.

The fuse 671 of this control circuit 607 1s cut only
when the corresponding bit lines BL, BL# in the
DRAM are defective, similarly to the fuse 661 of the
control circuit 606 shown in FIG. 17. If the fuse 671 is
not cut, a level at the conjunction 672 becomes HIGH
after the power is supplied, and the signal ¢36 level
becomes HIGH through the inverters 675 and 676. As a
result, the NMOS transistor 636 shown in FIG. 16 i1s
turned on and kept in an on-state all the time. If the fuse
671 is cut, the NMOS transistor 636 remains in an off
state after the power is supplied. Accordingly, the
DRAM having the control circuits 607 can well per-
form the read operation and the evaluation operation
without being affected by defective bit lines, if any.

In the present embodiment, the memory cell 641 is
connected with only one B of the bit lines B and B# and
the memory cell 642 with only one BL. of the bit lines
BL and BL#. The present invention, however, is not
limited to this, and can be applied to a case wherein a
memory cell M is connected to both of a pair of bit hines

BL. and BL# (U.S. Pat. No. 4,792,922), as shown 1n
FIGS. 24 and 25.

Seventh Embodiment

FIG. 19 shows a DRAM according to a seventh
embodiment of the present invention. The DRAM hasa
line data storage circuit 701, a bit line select circuit 702
and a plurality of output evaluation circuits 703 (only
one is shown in the figure). A reference numeral 704
indicates a memory cell array including a plurality of
memory cells 741, 742, 742, . . . though only one of the
memory cells 742 is shown in the figure. A reference
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numeral 705 indicates a sense amplifier array including
a plurality of sense amplifiers 751, 752, 752, . . . though
only one of the sense amplifiers 752 is shown in the
figure. The memory cells 741, 742, 742, . . . in each row
are connected to word lines WL and are selected simul-
- taneously by the respective word lines WL (only one of
the word lines WL is shown in FIG. 19 for the sake of
simplification). The memory cell 741 on each word line
1s a reference memory cell specialized for a line test,
namely, data in the memory cell 741 is used as reference
data for comparison with data read from the other
memory cells 742 as examined memory cells.

Data writing to and data reading from the memory

5

10

cell 741 are carried out through a pair of complemen-

tary bit lines B and B# while data write to and read
from the other memory cells 742 are carried out by the
other pairs of complementary bit lines BL and BL#
(only one pair BL. and BL# is shown in the figure).
Actually, only the bit lines B and BL are connected to
the memory cells 741 and 742, respectively.

The sense amplifier array 705 has a pair of drive
signal lines SEN and SEN# for driving the sense ampli-
fiers 751, 752, 752, . . . Each sense amplifier 751, 752 has

a pair of pull-up transistors 766 and 767 and a pair of )

pull-down transistors 768 and 769. Furthermore, each
sense amplifier has an NMOS transistor 760, 770 which
is provided between one drive signal line SEN and a
junction between the pull-up transistors 766 and 767.
The sense amplifiers 751, 752 act in response to signals
¢51 and ¢52 through the drive signal line SEN, the
NMOS transistor 760, 770, and the drive signal line
SEN7#. Specifically, when the signal ¢51 rises to a
power source level and the signal ¢8§2 falls to 2 ground
level, the potential difference between the bit lines B
and B# and that of the bit lines BL. and BL# are ampli-
fied by the operation of the pull-up transistors 766 and
767 and the pull-down transistors 768 and 769. The
NMOS transistors 760, 770 are controlled by their re-
spective signals ¢60 and ¢70 outputted from the control
circuits 706 shown in FIG. 20.

Each control circuit 706 is constituted from a PMOS
transistor 761, a fuse 763, an NMOS transistor 762 and
an inverter 764. The PMOS transistor 761, the fuse 763
and the NMOS transistor 762 are connected in series
between the power source (HIGH level) and the
ground. The inverter 764 is connected to a junction
between the PMOS transistor 761 and the fuse 763. The
PMOS and NMOS transistors 761 and 763 are con-
trolled by a signal $61 which assumes a LOW level
when the DRAM is in a precharge state and assumes a
HIGH level when the DRAM starts its operation. In
the case that the fuse 763 is not cut, the PMOS transistor
761 1s in an on-state and the NMOS transistor 762 is in
an off-state during the precharge state of the DRAM, so
that the signal ¢60, ¢$70 become LOW through the
inverter 764. When the DRAM starts its operation, the
PMOS transistor 761 is turned off and the NMOS tran-
sistor 762 1s turned on in each control circuit 706, so that
the signals ¢60, $70 become HIGH. On the other hand,
in the case that the fuse 763 is cut, the signals $60, $70
are kept at a LOW level all the time. Accordingly, the
NMOS transistors 760, 770 shown in FIG. 19 are in an
off state during the precharge state of the DRAM, and
~ are turned on upon the start of the operation, while the
fuses 763 are not cut. On the other hand, if the fuse 763

in a control circuit 706 is cut, the NMOS transistor 760
or 770 keeps 1ts off state.
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The line data storage circuit 701 has an NMOS tran-
sistor 711 controlled by a signal ¢11, inverters 712 and
713 connected in parallel but in opposite directions,
NMOS transistors 714 and 715 which are simulta-
neously controlled by a signal ¢12. The line data stor-
age circuit 701 writes data, which is an input signal
DIN, to the memory cell 741 through the bit lines B and
B#. On the other hand, data DIN#, which is obtained
by inverting the input signal DIN, is outputted from the
line data storage circuit 701 to the bit line select circuit
702. Data written to the memory cell 741 is read out as
an expected value signal E. After inverted, the signal E
is outputted to the bit line select circuit 702 as signal
E#.

The bit line select circuit 702 has AND gates 721 and
722 to receive a signal ¢21, and an inverter 723 con-
nected between respective input terminals of the AND
gates 721 and 722. In response to the inverted signal
DIN# or the inverted expected value signal E# from
the line data storage circuit 701, the bit line select circuit
702 outputs a pair of select signals S and S# for select-
ing the bit line BLL or BL# of each memory cell 742 in
accordance with the level of the signal DIN# or E#.

Each output evaluation circuit 703 has an NMOS

5 transistor 735 connected between an output line DOUT

and the ground, and NMOS transistors 733 and 734
respectively provided on the bit lines BL and BL#. A
gate electrode of the NMOS transistor 735 1s connected
with the complementary bit lines BL. and BL# through
the NMOS transistors 733, 734, respectively. The
NMOS transistors 733 and 734 are respectively con-
trolled by the select signals S and S# outputted from
the bit line select circuit 702. Each output evaluation
circuit 703 also has an NMOS transistor 731 which is
connected between the gate electrode of the NMOS
transistor 735 and the ground and which is controlled
by a signal ¢31. One of the output evaluation circuits
703 has a common PMOS transistor 732 which 1s con-
nected between a power source set at a # Vec level and
the output line DOUT and which is controlled to be
turned on or off by a signal ¢32.

The DRAM with the above structure acts as de-
scribed below, based on the timing as shown in FIG. 22.
In FIG. 22, a dotted line indicates timing for a write
operation and a solid line indicates timing for a read
operation.

The DRAM with the above structure acts as de-
scribed below, based on the timing as shown in FIG. 22,
similarly to the aforementioned embodiments.

The following describes a write operation.

In a precharge state (a leftmost part of the timing
chart in FIG. 22), every bit line B, B#, BL, BL# is
charged to the # Vcc level. The signal ¢$21 is at a LOW
level, outputs from AND gates 721 and 722 in the bit
line select circuit 702 are both at a LOW level, and
accordingly, no continuity exists in the NMOS transis-
tors 733 and 734, that is, the NMOS transistors 733 and
734 are 1n an off-state. At this time, the signal ¢31 is at
a HIGH level and the signal ¢32 is at a LOW level. In
response to the signal ¢31, the PMOS transistor 732 is
turned on and the output line DOUT is charged to the
3 Vcc level. '

When the write operation starts, the level of the input
signal DIN becomes HIGH or LOW in accordance
with an input data. Then, the signal ¢11 rises, so that the
NMOS transistor 711 in the line data storage circuit 701
1s turned on. As a result, the input signal DIN is latched
by the inverters 712 and 713. After that, the signal ¢21
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rises. At this time, if the input signal DIN 1s at a HIGH
level, that 1s, the inverted signal DIN# 1s at a LOW
level, the level of the select signal S becomes LOW and
that of the other select signal S# becomes HIGH. As a
result, the NMOS transistor 734 in each output evalua-
tion circuit 703 is turned on, so that the bit lines BL#
are dropped to a ground (GND) level. On the other
hand, because the NMOS transistor 733 in each output
evaluation circuit 703 is in an off-state, the other bit hines
BL remain at the initial level of the pre-charge state.

When the signal ¢21 rises, if the input signal DIN is
at a LOW level, that is, the inverted signal DIN# is at
a HIGH level, the voltage levels of the select signals S
and S# become HIGH and LOW, respectively. Ac-
cordingly, in each output evaluation circuit 703, the
NMOS transistor 733 is turned on and the bit line BL
drops to the GND level. On the other hand, because the
NMOS transistor 734 is in an off-state, the bit line BL#
keeps the initial level of the precharge state.

In parallel with the above operation in connection
with the memory cells 742, the following operation 1s
carrted out in connection with the reference memory
cell 741.

The signal &12 rises. In response to the rise of the
signal 12, the NMOS transistors 714 and 767 in the line
data storage circuit 701 are turned on, so that the input
data is written to the bit hnes B and B#. It is to be noted
that when the mnput signal DIN 1s at a HIGH level, the
bit lines B and B# become HIGH and LOW, respec-
tively, and that when the input signal DIN is at a LOW
level, the bit lines B and B# become LOW and HIGH,
respectively. When a word line WL rises, the sense
amplifiers 751 and 752 in the sense amplifier array 705
are driven by the signals ¢51 and $52 to amplify the
pairs of the bit lines B and B#, and BL. and BL# to a
level enough to be written to the memory cells 741 and
742. Finally, the word line WL falls to finish the write
operation to the memory cells 741 and 742. In the above
manner, the same data is written to the memory cells
741, 742, . . . at the same time through the respective
pairs of bit lines B and B#, and BL and BL#.

The following describes a read operation and an out-
put evaluation operation.

When a read operation starts, a word line WL rises as
shown in FIG. 22, and the sense amplifiers 781, 752, 752
. .. are driven by the signals $51 and $52, so that data
in the memory cells 741 and 742 are read out to the
respective pairs of bit lines B and B#, and BL and BL#.
Then, the signal ¢12 rises. In response to this signal
¢12, the expected value signal E representing data writ-
ten to the memory cell 741 is outputted to the bit line
select circuit 702 in the form of an inverted signal E#.
For starting a evaluation operation, the signal ¢31 is
dropped to a LOW level, the signal ¢32 1s raised to a
HIGH level, and after that, the signal ¢21 is raised.

If the input data written to the reference memory cell
741 is a logical one (*“1”’), the expected value signal E
becomes HIGH and therefore its inverted signal E#
becomes LOW. At this time, the select signals S and S#
become LOW and HIGH, respectively. Accordingly,
the NMOS transistor 734 in each output evaluation
circuit 703 1s turned on, and thereby a signal at the level
of the bit line BL# is inputted to the gate electrode of
the NMOS transistor 735. If the data reading from the
memory cell 742 1s normally carried out, the bit line
BL# should be at a LOW level. When the bit line BL#
is at a LOW level, the gate electrode of the NMOS
transistor 735 is provided with a LOW-]evel signal, so
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that the NMOS transistor 735 keeps its off-state. As a
result, a signal of the 4 Vcc level indicative of “coinci-
dence” is outputted to the output line DOUT. On the
other hand, if the data reading from the memory cell
742 results in error, the bit line BL# is at a HIGH level.
In this case, the NMOS transistor 735 1s turned on and
a ground-level signal representative of ‘“‘non-coinci-
dence” is outputted to the output line DOUT.

When data written to the reference memory cell 741
is a logical zero (*‘0”), the expected value signal E be-
comes a LOW level and therefore its inverted signal E#
becomes HIGH. At this time, the select signals S and
S# become HIGH and 1.OW, respectively. Accord-
ingly, the NMOS transistor 733 in the output evaluation
circuit 703 is turned on, and thereby a signal at the level
of the bit line BL is inputted to the gate electrode of the
NMOS transistor 735. If the data reading from a mem-
ory cell 742 is normally carried out, the bit line BL
should be at a LOW level. When the bit line BL 1s
LOW, the gate electrode of the NMOS transistor 735 1s
provided with a signal of a LOW level, so that the
NMOS transistor 735 keeps its off-state. As a result, a
signal of the 4 Vcc level indicative of “coincidence” 1s
outputted to the output line DOUT. On the other hand,
if the data reading from a memory cell 742 results in
error, its bit line BL is at a HIGH level. In this case, the
NMOS transistor 735 is turned on and a ground-level
signal representative of “non-coincidence” is outputted
to the output line DOUT.

As described above, whether the data written to the
memory cells 741 and 742 at the same time are a logical
zero or one, the DRAM outputs a signal indicative of
“coincidence” when the data is normally read out from
a memory cell 742, and outputs a signal indicative of
“non-coincidence” when the data i1s erroneously read
out from the memory cell 742.

The above read and evaluation operation is executed
simuitaneously for all the memory cells 742 storing data
equivalent to a line data, independently of each other.
Therefore, the operating test of the device can be per-
formed at a high speed.

Besides, when the reading of data from some memory
cell 742 fails, the DRAM can prohibit the correspond-
ing sense amplifier 752 from further operating by cut-
ting the fuse 763 of its control circuit 706 in FIG. 20 and
thereby turning off the NMOS transistor 770 of the
sense amplifier 752 having amplified the data in the
memory cell 742. In this case, even after a sense opera-
tion has been done, 1t does not occur that the levels of
defective bit lines BL. and BL# will exceed the initial
level (3 Vce level) of the precharge state. At this time,
because the source of the PMOS transistor 732 common
to the output evaluation circuits 703 is set at the 4 Vcc
level, a drain voltage of the NMOS transistor 735 is
equal to or below 4 Vcc. That is, both the gate voltage
and the drain voltage are equal to or below the 3 Vcc
level. Therefore, the NMOS transistor 735 will not be
turned on in any case. In other words, the defective bit
lines BL. and BL# are electrically separated from the
output line DOUT all the time. Therefore, even though

the DRAM has defective bit lines BL, BL#, the

DRAM can perform a read operation and an output
evaluation operation without being affected by the de-
fective bit lines.

Alternatively, the DRAM may have control circuits
707 as shown 1n FIG. 21, in stead of the control circuits
706. The control circuits 707 each have a fuse 771 and
an NMOS transistor 774 which are connected in series
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between the power source (HIGH level) and the
ground. The control circuits 707 each also have a
PMOS capacitor 773 connected between the power
source (HIGH level) and a gate electrode of the NMOS
transistor 774. An inverter 775 is connected between a
conjunction 772 between the fuse 771 and the NMOS
transistor 774 and a conjunction 777 between the PMOS
capacitor 773 and the gate electrode of the NMOS
transistor 774. Another inverter 776 is connected with
the conjunction 777.

The fuse 771 of each control circuit 707 is cut only
when the corresponding bit lines in the DRAM are
poor, similarly to the fuse 761 of the control circuit 706
shown in FIG. 20. If the fuse 771 is not cut, a level at the
conjunction 772 becomes HIGH after the power is
supplied, and the signal $36 level becomes HIGH
through the inverters 775 and 776. As a result, the
NMOS transistors 760, 770 shown in FIG. 19 are turned
on and kept in an on-state all the time. If the fuse 771 in
a control circuit 703 is cut, a corresponding NMOS
tranststor 760 or 770 remains in an off state after the
power is supplied. Accordingly, the DRAM having the
control circuits 707 can well perform the read operation
and the evaluation operation without being affected by
defective bit lines, if any.

In the present embodiment, the memory cell 741 is
connected with only one B of the bit hines B and B# and
each of the memory cells 742 with only one BL of the
bit lines BL and BL#. This case corresponds to a case
wherein a memory cell M is constituted from a MOS
transistor and a capacitor which are connected in series
and a cell plate voltage is applied to one of terminals of
the capacitor, as shown in FIG. 23. The present inven-
tion, however, is not limited to the case, and can be
applied to a case wherein a memory cell is connected to
both of a pair of bit lines BL and BL# (U.S. Pat. No.
4,792,922), as shown in FIGS. 24 and 25.

The mnvention being thus described, it will be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the follow-
ing claims.

What is claimed is:

1. A semiconductor memory device having a func-
tion of testing its own operation through a parallel ac-
cess to memory cells, comprising:

a plurality of examined memory cells for storing data
to be tested in a test mode of the device, said plural-
ity of examined memory cells being arranged in
rows and columns;

a plurality of reference memory cells in a column for
storing expected data in the test mode;

a plurality of word lines which are connected with
the examined memory cells in respective rows and
respective ones of said plurality of reference mem-
ory cells;

a plurality of pairs of bit lines operating complemen-
tarily, connected with the examined memory cells
in respective columns;

a pair of bit lines operating complementarily, con-
nected with said plurality of reference memory
cells 1n a single column;

a plurality of sense amplifiers connected with respec-
tive pairs of bit lines connected with the examined
memory cells and the reference memory cells for
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amplifying data on the bit lines before the data are
outputted; |

a line data memory circuit for outputting the ex-
pected data written to a reference memory cell via
the pair of bit lines connected to the reference
memory cell;

a bit line select circuit for selecting, in response to the
expected data, one of the bit lines for each of the
examined memory cells when the expected data is
of a low level, and selecting the other of the bit
lines when the expected data is of a high level;

a plurality of output evaluation circuits connected
with respective ones of the pairs of bit lines for the
examined memory cells, each output evaluation
circuit detecting via the one bit line selected by the
bit line select circuit when the expected data is of a
low level, an output signal from the corresponding
examined memory cell which expresses data hav-
ing been written to the examined memory cell in
parallel to the reference memory cell and which
ought to have a value identical with the expected
data; and detecting the output signal via the other
bit line selected by the bit line select circuit when
the expected data is of a high level; and outputting
a signal indicative of coincidence or non-coinci-
dence between the output signal detected and the
expected data.

2. A semiconductor memory device as claimed in
claim 1, wherein each output evaluation circuit has a
fuse for separating the pair of bit lines connected with
the output evaluation circuit from the output terminal
of the output evaluation circuit when the output evalua-
tion circuit outputs a signal expressing the non-coinci-
dence.

3. A semiconductor memory device as claimed in
claim 1, wherein a fuse is provided between each sense
amplifier and a drive signal line for transferring a drive
signal for the sense amplifiers to allow the sense ampli-
fier to be inoperative when the fuse is cut.

4. A semiconductor memory device as claimed in
claim 1, wherein the output evaluation circuits each
have a transistor controlled to be turned on or off by a
corresponding one of a plurality of control circuits so as
for the corresponding pair of bit lines to be electrically
connected with or separated from an output terminal of
the output evaluation circuit, said control circuits are
operatively connected with the output evaluation cir-
cuits respectively such that the control circuits turn on
the transistors when the output evaluation circuits out-
put the signal indicative of coincidence and turn off the
transistors when the output evaluation circuits output
the signal indicative of non-coincidence, the transistor
of each output evaluation circuit being controlled indi-
vidually and independently of the transistors of the
other output evaluation circuits.

S. The semiconductor memory device as claimed in
claim 4, wherein the control circuit has a fuse which is
cut when the output evaluation circuit outputs the sig-
nal indicative of non-coincidence.

6. The semiconductor memory device as claimed in
claim 1, wherein the sense amplifiers each have a tran-
sistor controlled to be turned on or off by a correspond-
ing one of a plurality of control circuits so as for the
sense amplifiers to be electrically connected with or
separated from a drive signal line carrying a signal for
driving the sense amplifiers, said control circuits are
operatively connected with the output evaluation cir-
cuits respectively such that the control circuits turn on
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the transistors when the output evaluation circuits out-
put the signal indicative of coincidence and turn off the
transistors when the output evaluation circuits output
the signal indicative of non-coincidence, the transistor
of each sense amplifier being controlled individually 5
and independently of the transistors of the other sense
amplifiers.

7. The semiconductor memory device as claimed in
claim 6, wherein the control circuit has a fuse which is
cut when the output evaluation circuit outputs the sig- 10
nal indicative of non-coincidence.

8. The semiconductor memory device as claimed in
claim 1, which outputs a pass signal only when all the
output evaluation circuits output the signal indicative of
coincidence, and outputs a fail signal when all the out- 1°
put evaluation circuits do not output the signal indica-
tive of coincidence. |

9. The semiconductor memory device as claimed in
claim 8, further comprising:

a row address counter for receiving a count input
signal in response to a line test signal for instructing
to start a test of the device to count a row address
to be tested and output the counted row address
deciding a word line to a row decoder;

an input terminal for inputting a plurality of test pat-
terns from an external source;

a latch circuit for latching the test patterns inputted
from the input terminal in response to the line test
signal; and

a pattern control circuit for selecting in response to
an address data outputted by the row address
counter one of the test patterns latched by the latch
circuit and outputting the selected test pattern to
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the line data storage circuit as input data to be 45

written to the reference memory cells and the ex-
amined memory cells.

10. A test circuit for a semiconductor memory device

comprising:

a means for generating an expected value of either 49
high or low level;

an output signal line for temporarily holding the ex-
pected value;

a fail signal line for constantly holding a level 1n re-
verse phase to the output signal hine; 45

a first data line carrying a first data signal of a level
which should be identical to that of the expected
value; |

a second data line carrying a second data signal

which is a complementary signal of the first data 50
signal;

33

65

34

a data signal select circuit for, in response to the
expected value from the generating means, gener-
ating a data select signal designating either the first
data signal or the second data signal based on the
expected value;

a first switch for selecting and outputting one of the
complementary first and second data signals in
response to the data select signal generated by the
data signal select circuit;

a second switch provided between the output signal
line and the fail signal Iine so that in response to an
output signal from the first switch the second
switch electrically connects the output signal line
with or separates the output signal line from the fail
signal line in accordance with a level of the output
signal;

wherein whenever the level of the first data signal 1s
coincident with the level of the expected value, the
output signal from the first switch allows the second
switch to separate the output signal line from the fail
signal line so that the output signal line outputs the
expected value temporarily held by the output signal
line, and whenever the level of the first data signal 1s not
coincident with the level of the expected value, the
output signal from the first switch causes the second
switch to connect the output signal line with the fail
signal line so that the output signal line outputs the level
held by the fail signal line.

11. The test circuit as claimed in claim 10, wherein
the first switch includes a first n-channel metal oxide
semiconductor transistor provided on the first data line
and a second n-channel metal oxide semiconductor
transistor provided on the second data line, with respec-
tive gate electrodes of the first and second transistors
being connected with complementarily operating out-
put terminal of the data select circuit, the first transistor
is turned on when the expected value is low so that the
first switch outputs the first data signal on the first data
line, the second transistor is turned on when the ex-
pected value is high so that the first switch outputs the
second data signal on the second data line, thereby the
level of the output signal from the first switch 1s low
when the expected value and the first data signal are
coincident, the second switch consists of a third n-chan-
nel metal oxide semiconductor transistor with a gate
electrode of the third n-channel metal oxide semicon-
ductor transistor being connected with the output from
the first switch so that when the output signal of a low

level is received from the first switch, the third transis-

tor i1s turned off.
x % * %k *
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